INTRODUCTION {#s1}
============

Irritable bowel syndrome (IBS) is the most common functional gastrointestinal diseases which affects up to 10%-20% \[[@R1]\]. The main clinical symptoms of IBS are abdominal pain, distension or abdominal discomfort and the change of defecation habits. The whole pathophysiological mechanisms underlying symptoms in IBS stay unknown \[[@R2], [@R3]\]. It is regarded as a multifactorial condition that affects individuals differentially \[[@R4]\].Actually, gastrointestinal diseases are often concerned with the increase of intestinal permeability when diarrhea and abdominal pain occur \[[@R5]\]. Growing evidence has shown that patients with diarrhea-predominant IBS have increased intestinal membrane permeability \[[@R6]--[@R9]\], and studies showed the permeability of small intestine and colon both increase \[[@R9], [@R10]\]. The complete mechanism leading to the increase of intestinal membrane permeability still needs further study.

Aquaporins (AQPs) have the function of transporting water or other small solutes \[[@R11]--[@R12]\], which play an important role in water balance. Fecal characteristics are closely related with intestinal fluid metabolism, the pulpy feces in diarrhea-predominant IBS are the performance of disorders of water metabolism. Recently, studies confirmed AQP1, AQP3 and AQP8 are closely related with water transportation in colon \[[@R13], [@R14]\]. Research considered the decreased expression of AQP8 in D-IBS indicated the damage of colonic absorption function, which led to the diarrhea \[[@R15]\]. In addition, some studies confirmed that AQPs take part in the composition of the intestinal mucosal barrier, and the decrease of AQPs resulted in the increase of intestinal membrane permeability. Scholars found that knockdown of aquaporin3 was involved in intestinal barrier integrity impairment, which influenced the intestinal membrane permeability \[[@R16]\]. Thus, we speculate that the lack of AQPs which affects the intestinal membrane permeability may be the key of the occurrence of symptoms.

MicroRNAs (miRNAs) are a class of 18--24 nucleotide long non-coding RNA molecules with control function. MiRNAs combine with the 3\'-UTR of the target mRNA, causing degradation of target genes or inhibiting the activity of translation through complementary identification, to achieve regulation of target gene expression \[[@R17]\]. Till now, thousands of miRNAs have been found, which make a difference in the process of metabolism, proliferation, apoptosis and differentiation of cells. Studies showed that miRNAs take part in a lot of pathophysiologic processes including inflammation, and its regulation of immune response plays an important role in the process of colony-stimulating factor and pathogen invasion \[[@R18]\]. In recent years, studies on correlation between miRNA and IBS have been concerned, which have shown that alterations of microRNAs (miRNAs) levels have affected IBS, and certificated the role of microRNAs in IBS with increased gut permeability \[[@R19]--[@R23]\].

MiRNA-29a is a member of miRNA-29 family. Study displayed the up-regulated miRNA-29 resulted in the increased intestinal permeability \[[@R24]\]. Moreover, miR-29a increased in IBS patients, and researchers conjectured miRNA-29a may effect on intestinal membrane permeability through its regulation of GLUL in IBS \[[@R25]\]. Nonetheless, what proteins regulated by miR-29a to affect the intestinal membrane permeability remains unknown. Since IBS-D is the most part in IBS, the goal of our study was to evaluate the expression of miRNA-29a in colonic epithelial cells in IBS-D rats and clarify the mechanism of miRNA-29a regulating the intestinal membrane permeability by AQP1, AQP3, AQP8.

RESULTS {#s2}
=======

The colonic epithelial cells identification {#s2_1}
-------------------------------------------

The positive cells rate of Keratin 19 ≥ 95%, the colonic epithelial cells could be determined (Figure [1](#F1){ref-type="fig"}).
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qRT-PCR {#s2_2}
-------

Compared with the control group(1±0.031), the expression of miR-29a increased significantly in IBS-D control group(2.09±0.022), IBS-D +miR-29a NC group(2.047±0.064) and IBS-D+miR-29a antagomir group(1.403±0.042), showing extremely differences(P\<0.001), which showed the expression of miR-29a increased in IBS-D rats. Compared with IBS-D control group(2.09±0.022), the expression of miR-29a decreased significantly in IBS-D+miR-29a antagomir group(1.403±0.042), showing extremely differences (P\<0.001), which indicated antagomir blocked out the expression of miR-29a (Figure [2](#F2){ref-type="fig"}).

![The change of miR-29a expression in the colonic epithelial cells of IBS-D rats and the effect of miRNA-29a antagomir\
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The concentration of K^+^ {#s2_3}
-------------------------

Compared with the control group(2.171±0.204), the concentration of K^+^ decreased significantly in IBS-D control group(1.305±0.289), IBS-D +miR-29a NC group(1.299±0.420) and IBS-D+ miR-29a antagomir group(1.813±0.102), and there were significant differences in IBS-D control group and IBS-D+miR-29a NC group (P\<0.05) while there were no significant differences in IBS-D+miR-29a antagomir group(P\>0.05). Compared with IBS-D control group, the concentration of K^+^ increased significantly in IBS-D +miR-29a antagomir group (P\<0.05) (Figure [3](#F3){ref-type="fig"}). The above date showed the higher expression of miR-29a lead to the decreased of concentration of K^+^ which is a sign of intestinal membrane permeability.

![MiRNA-29a regulated concentration of K^+^ in the colonic epithelial cells of IBS-D\
\*P\<0.05 vs. Control. \#P\<0.05 vs. IBS-D Control. Compared with the control group, the concentration of K^+^ decreased significantly in IBS-D control group, IBS-D +miR-29a NC groupCompared with IBS-D control group, the concentration of K^+^ increased significantly in IBS-D +miR-29a antagomir group. The concentration of K^+^ change proved the intestinal membrane permeability inceased significantly with the miR-29a increasing in the IBS-D rats, showing the real function of miR-29a in regulating the intestinal membrane permeability.](oncotarget-08-85828-g003){#F3}

The concentration of LDH {#s2_4}
------------------------

Compared with the control group(1434.573±96.111), the concentration of LDH increased significantly in IBS-D control group(4153.440±177.365), IBS-D +miR-29a NC group(3924.384±438.095) and IBS-D+miR-29a antagomir group(2700.473±275.414), showing extremely differences(IBS-D control group, IBS-D+miR-29a NC group P\<0.001, IBS-D+miR-29a antagomir group P\<0.01). Compared with IBS-D control group(4153.440±177.365), the concentration of LDH decreased significantly in IBS-D+miR-29a antagomir group(2700.473±275.414), showing extremely differences(P\<0.01)(Figure [4](#F4){ref-type="fig"}). As a mark of intestinal membrane permeability, the increased concentration of LDH denoted the increased intestinal membrane permeability. Hence, miR-29a influenced the permeability, as the higher expression of miR-29a in the IBS-D control group and IBS-D+miR-29a NC group lead to the higher leakage rates of LDH, showing positive correlation.

![MiRNA-29a regulated concentration of LDH in the colonic epithelial cells of IBS-D\
\*\*P\<0.01, \*\*\*P\<0.001 vs. Control. \#\#P\<0.01 vs. IBS-D Control. Compared with the control group, the concentration of LDH increased significantly in IBS-D control group, IBS-D +miR-29a NC group Compared with IBS-D control group, the concentration of LDH decreased significantly in IBS-D+miR-29a antagomir group The concentration of LDH change was another evidence to prove the intestinal membrane permeability inceased significantly in IBS-D rats. Also, the function of miR-29a in regulating the intestinal membrane permeability was confirmed.](oncotarget-08-85828-g004){#F4}

Western blot {#s2_5}
------------

Compared with the control group(0.229±0.013), the expression of AQP1 decreased significantly in IBS-D control group(0.132±0.010), IBS-D +miR-29a NC group(0.124±0.010) and IBS-D+ miR-29a antagomir group(0.197±0.005), showing extremely differences(IBS-D control group, IBS-D+miR-29a NC group (P\<0.001), IBS-D+ miR-29a antagomir group P\<0.05). Compared with IBS-D control group, the expression of AQP1 increased significantly in IBS-D+miR-29a antagomir group (P\<0.001).

Compared with the control group(0.221±0.004), the expression of AQP3 decreased significantly in IBS-D control group(0.111±0.005), IBS-D +miR-29a NC group(0.102±0.008) and IBS-D+ miR-29a antagomir group(0.182±0.011), showing extremely differences(IBS-D control group and IBS-D+miR-29a NC group P\<0.001, IBS-D+ miR-29a antagomir group P\<0.01). Compared with IBS-D control group, the expression of AQP3 increased significantly in IBS-D+miR-29a antagomir group(P\<0.001).

Compared with the control group(0.227±0.014), the expression of AQP8 decreased significantly in IBS-D control group(0.108±0.007), IBS-D+miR-29a NC group(0.101±0.007) and IBS-D+ miR-29a antagomir group(0.194±0.003), showing extremely differences(IBS-D control group and IBS-D+miR-29a NC group P\<0.001, IBS-D+ miR-29a antagomir group P\<0.05). Compared with IBS-D control group(, the expression of AQP8 increased significantly in IBS-D+miR-29a antagomir group(P\<0.001) (Figure [5](#F5){ref-type="fig"}).
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\*P\<0.05, \*\*P\<0.01, \*\*\*P\<0.001 vs. Control. \#\#\#P\<0.001 vs. IBS-D Control. Compared with the control group, the expression of AQPs decreased significantly in IBS-D control group, IBS-D +miR-29a NC group. Compared with IBS-D control group, the expression of AQPs increased significantly in IBS-D+miR-29a antagomir group. The results showed the expression of AQP1, AQP3 and AQP8 all decreased together with the increase of intestinal permeability in IBS-D rat colon which reflected that AQPs may be the key of the change of intestinal permeability.](oncotarget-08-85828-g005){#F5}

In IBS-D rats, AQPs' expression all decreased. On the contrary, while miR-29a antagomir added, the expression increased compared with IBS-D control group, indicating miR-29a regulated the expression of AQPs, which showing negative correlation.

DISCUSSION {#s3}
==========

Growing evidence has shown that patients with diarrhea-predominant IBS(IBS-D) have increased intestinal membrane permeability \[[@R6]--[@R9]\]. MiR-29a has been confirmed to take part in the regulation of intestinal membrane permeability in IBS. However, how miR-29a regulates the permeability is only partly known yet. Our study proved that diarrhea-predominant IBS rats have increased intestinal permeability which is associated with the increase of miR-29a expression in colon epithelial cells. Besides, the study also provided evidence to confirm the up-regulation of miR-29a expression in colon may increase the intestinal membrane permeability in IBS rats through the down-regulation of AQPs(AQP1, AQP3, AQP8).

Mucosal barrier, constituted by intestinal epithelial cells and the junctions, played an important role in keeping homeostasis and health. Studies showed alterations of mucosal barrier function were related to a great variety of disorders which were linked to the intestine, including inflammatory bowel disease (IBD), irritable bowel syndrome, metabolic syndrome, etc \[[@R26]\]. Intestinal epithelial cells are held together by adherens junctions, tight junctions (TJs) and desmosomes. In fact, TJs are the keys to regulating the intestinal permeability by allowing the passage of water, ions, and solutes through pores \[[@R27]\]. As a result, destruction of physical barrier is certain to increase the intestinal permeability. Numerous studies confirmed that patients with diarrhea-predominant IBS have increased intestinal membrane permeability \[[@R6]--[@R9], [@R28]\]. The increased mucosal permeability resulting in the visceral hypersensitivity leads to increased gastrointestinal symptoms in IBS \[[@R29]\]. In this study, we tested the concentration of K^+^ and LDH of intestinal epithelial cells, and found that compared with the control group, the concentration of K^+^ decreased while LDH increased obviously in IBS-D rats, which proved intestinal permeability increased significantly in IBS-D rats once again. What's more, the obliteration of miR-29a led to decreased intestinal permeability contrast to the IBS-D control group, manifesting that miR-29a is a critical factor to regulate intestinal permeability.

The correlation between miRNAs and IBS has been concerned recently. The alternation of miRNAs were found in IBS, and study confirmed the role of miRNAs in IBS with increased gut permeability \[[@R19]--[@R23]\]. MiR-29a has been confirmed to take part in the regulation of intestinal membrane permeability in IBS. Zhou \[[@R24]\] found that miR-29 targets on nuclear factor-κB-repressing factor and Claudin 1 to increase intestinal permeability. Moreover, another research shown that altered miR-29a expression in intestine may regulate intestinal permeability in IBS patients through glutamine dependent mechanisms as proved by the functional interaction between miR-29a and the GLUL \[[@R25]\]. All in all, the former studies indicated miR-29a has significant effect on intestinal membrane permeability. Our study found that the higher expression of miR-29a resulted in the increasing of intestinal membrane permeability in IBS-D. Interestingly, compared with IBS-D control group, concentration of K^+^ decreased significantly while concentration of LDH increased significantly in IBS-D+miR-29a antagomir group. All above reflected that miRNA-29a was a key point to regulation of the intestinal membrane permeability. Combined former and this studies, we infer that miRNA-29a influences the intestinal membrane permeability through multiple target.

Zhou considered the increased miR-29a which caused the decreased CLDN1 signaling, which may lead to increased intestinal permeability through several potential mechanistic pathways \[[@R24]\]. In order to explain how miR-29a influences intestinal membrane permeability through potential mechanistic pathways, we focus on AQPs. AQPs exist widely in the intestinal tract, which have an effect on the process of water transportation \[[@R30]\]. The alternations of AQPs on the colon epithelial cells will result in the change of intestinal absorption function, which has a significant influence on waste nature. Studies have verified the change of AQPs in intestine is significant to the diarrhea in IBS \[[@R31]--[@R32]\]. AQP1, AQP3 and AQP8 are closely related with water transportation in colon \[[@R13], [@R14]\]. The former studies focused on the water transportation of AQPs which caused the change of waste nature, but the relationship between AQPs and other symptoms had been ignored. In this study, we detected the expression of AQP1, AQP3, AQP8 in different groups, and got a result that the expression of all of these AQPs decreased in IBS-D rat colon epithelial cells. Interestingly, compared with IBS-D control group, the expression of the three kinds of AQPs was higher in IBS-D+miR-29a antagomir group, which indicated the deceased of miRNA-29a have an up-regulation on AQPs. Thus, we confirmed that the increased expression of miRNA-29a in IBS-D led to the deceased of AQPs, which affected the intestinal permeability. Furthermore, recent studies manifested that AQPs is a part of mucosal barrier, the down-regulation of AQPs in colon will lead to the increase of intestinal permeability. Zhang \[[@R33]\] found that knockdown of AQP3 was associated with a reduction of Claudin-1 and Occludin expression and increase of bacteria translocation, which inferred AQP3 was related with intestinal permeability by the down-regulation of TJs. Our data showed the expression of AQP1, AQP3 and AQP8 all decreased together with the increase of intestinal permeability in IBS-D rat colon. Therefore, we supposed that, similar to AQP3, AQP1 and AQP8 can also regulate the TJs which lead to the change of intestinal permeability in IBS-D and then cause the recurrent abdominal discomfort or pain not only the change of waste nature.

In summary, our study is unique that we concentrated on the protein level in IBS-D on the basis of increased expression of miR-29a. We firstly found the relation between miR-29a and AQPs in the IBS-D colon tissues. Study indicated miR-29a regulated the intestinal permeability target on AQPs. However, we have not detected the expression of TJs, the specific relationship between AQPs and intestinal membrane permeability are needed to be explored in depth. Thus, further studies are needed to demonstrate miR-29a as a treatment target in the IBS-D, and the relationship between AQP1, AQP3, AQP8 and intestinal permeability are supposed to be clarified. Moreover, other targets of miR-29a should also be found in IBS-D to complete the mechanism in the future. However, although miRNAs technique is an exciting treatment for IBS-D, there are also many challenges, including potential missing effects and delivery problems \[[@R16]\]. Finding out biological function of miRNAs, proved its expression and regulation mechanism eventually, will have profound significance for better understanding of IBS-D. In a word, our findings may lead to new therapeutic targets \[[@R34]\] for the treatment of IBS-D with increased intestinal permeability via miR-29 regulation.

MATERIALS AND METHODS {#s4}
=====================

Equipment and reagents {#s4_1}
----------------------

Trizol were from invitrogen; SYBRGreen PCR Kit were from Thermo F-415XL; reverse transcription Kit were from Thermo \#K1622; K^+^ test Kitwere from Genmed; LDH colorimetric determination Kit were from Pulilai Gene technology Company; BCA protein assay Kit were from Jiangsu KeyGEN biology technology corp limited company; Protein pre-dyeing marker were from Thermo; The pvdf film were from Millipore; Tween-20 were from Amresco.

Cells culture and identify {#s4_2}
--------------------------

The diarrhea-predominant irritable bowel syndrome (IBS-D) rats models were induced by rectal distention pressure combining with extremities constraint. Rectal distention pressure (for 2 weeks): The balloon volume was 1.6 ml (hydrostatic pressure in Bowman's space \> 60 mm Hg) and lasted for 60 s, and for twice one day. Extremities constraint (for the next 5 days): Rats were put into the brake cage, tied front shoulders, front arms and chest, limited their scratch to the head and face, for 2 hours. The rats' visceral sensitivity was evaluated by abdominal withdraw reaction on the third day after the modeling \[[@R26]\]. Rats(normal rats and IBS rats) colonic epithelial cells were cultured in this study. The rats colon tissues were taken and cleaned. The micro-villus on the colonic mucosal surface were treated with curettage, and the tissues were cut into the pieces of 1mm^3^ and put into the centrifugation tube(50ml). for 5 times after the PBS added. Standing for 30minutes and sucked out the PBS, then digested by the mixture of digestive fluid with 0.1% IV type collagenase and 0.1% I Type collagenase for 30 minutes(37°C). Beat up for 5 minutes and standing for 1 minutes. After that, the culture fluid was added. Repeated the standing and centrifugalization for 2-3 times. After 5-6 times centrifugation(1000rad/min), the culture fluid added and the cells were grown in the incubator(5%CO~2~, 37 °C). The colonic epithelial cells were identified. The cells were grown and staining. Fixed by Paraformaldehyde for 10 minutes Then reacted respectively with primary antibodies(Cytokeratin 19) and secondary antibodies(Anti-Mouse IgG). Then reacted with hoechst. After the seal, observed by microscope, red fluorescence was positive.

Group of experiments {#s4_3}
--------------------

The cells were divided into four groups. Group A:normal rats primary colonic epithelial cells. Group B: IBS-D rats primary colonic epithelial cells. Group C: IBS-D rats primary colonic epithelial cells +miR-29a NC(negative control group relative to group D, which hardly influence the expression of miR-29a). Group D: IBS-D rats primary colonic epithelial cells +miR-29a antagomir(antagomir were added to increase the expression of miR-29a).

Evaluation of MiRNA-29a by qRT--PCR {#s4_4}
-----------------------------------

Total RNA was extracted. Reversed transcriptase cDNA was based on the specification. Real-time PCR amplification system of MiRNA: miRNAcDNA 2 μL; 2×SYBR Green Mix 10μL; Forward Primer(10μM) 0.5 μL; Reverse Primer(10μM) 0.5 μL; DEPC water, add up to 20 μL. Amplification for 40 circles (95 °C,20 s,62 °C,30 s,72 °C,30 s). The quantitation of PCR products relatively was conducted by qRT-PCR detected the colonic epithelial cells MiR-29a expression changes.

Intestinal membrane permeability testing {#s4_5}
----------------------------------------

Normally, LDH and K^+^ can't go through the intestinal membrane when it is complete. The destroy of membrane integrity will result in the increase of LDH and K^+^ leakage rates. We tested the LDH concentration out of the cells and K^+^ concentration in the cells to evaluate the intestinal membrane permeability. The colonic epithelial cells were cleaned and cracked. After centrifugalization, Reagent D, Reagent E and Reagent F were added respectively. The sample were put into the spectrophotometer, the concentration of K^+^ was determined by light absorption readings (OD).

After the colonic epithelial cells cracked, zymolyte and Oxidized coenzyme were mixed at 5:1, then added into the microplate. 2, 4-Dinitrophenylhydrazine was added into the sample. Ended the reaction, then the concentration of LDH was determined at wavelength of 440 nm.

Evaluation of AQPs by western blot {#s4_6}
----------------------------------

Total proteins were extracted from rats' colonic epithelial cells, which were lysed with radio-immunoprecipitation assay buffer to which phosphatase inhibitor was added immediately after addition of the lysis buffer. The protein levels were evaluated with a BCA assay kit. Proteins were separated by SDS-polyacrylamide gel, and transferred to a NC membrane, then blocked in 5% skim milk. Target proteins were detected by corresponding primary antibodies (iNOS, TNF-α, IL-10, LC3B and GAPDH), and subsequently by horseradish peroxidase-conjugated secondary antibodies. Protien bands were analyzed and quantified the protein bands with gel image analyzer.

Statistical analysis {#s4_7}
--------------------

Analysis were carried out by running the SPSS 18.0 statistical software. All data were normally distributed. Comparisons between groups were performed by Student\'s unpaired t test. Multiple comparisons within groups were performed by repeated measures one way analysis of variance, followed by Student\'s t test. Statistical significance was accepted at p\<0.05.
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